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This invention relates to an electrical resistor and a
method of producing resistors. It is an object of the in-
'vention to provide an improved electrical resistor and an
improved method of manufacturing resistors.

Resistors constructed in accordance with one embodi-
ment of the invention are wholly or almost entirely in-
sulated during the construction of the resistor, the in-
sulation forming a part of the structure of the resistor
body.  Also, the resistor although almost entirely in-
sulated is readily alterable as to its resistance value by
a substantial amount after completion.

The method of producing resistors which constitutes
one feature of the invention is simple and rapid and lends
itself readily to mass production of completely or par-
tially insulated resistors of improved quality. In accord-
ance with one embodiment of the invention a resistance
element or material and one end of each of two or more
resistor leads are arranged in a pre-formed shell of mold-
able insulating material. The assembly is then subjected
to pressure and preferably its' temperature elevated to
mold the assembly into an integral body.

It is another object of the invention to provide an im-
proved method for constructing insulated resistors.

It is another object of the invention to provide an im-
proved method for conmstructing insulated resistors by
which method the various elements of the resistor, name-
ly, the leads, the resistance element and- the insulation
are molded into a unitary body.

It is another object of the invention to provide an im-
proved method of producing insulated or partially insu-
lated resistors in which the insulation, the resistance ele-
ment or material and the leads are readily assembled.

It is another object of the invention to provide an im-
proved electrical resistor having all but one surface there-
of insulated.

It is another object of the invention to provide an im-
proved electrical resistor which is completely insulated
with the exception of the central area of one substan-
tially flat surface. -

It is another object of the invention to provide an im-
proved electrical resistor whose resistance value is readily
alterable after completion although it is insulated on ail
but one surface or a portion thereof.

It is another object of the invention to provide an im-
proved electrical resistor having an improved and simpli-
fied arrangement for providing substantially uniform cur-
rent distribution over the entire cross section of the re-
sistance element.

It is another object of the invention to provide an im-
proved electrical resistor having the characteristics de-
scribed above while being durable, reliable and economi-
cal to manufacture.

Tt is another object of the invention to provide an im-
proved method for producing electrical resistors having
the characteristics described above.

This invention, together with further objects and ad-
vantages thereof, will best be understood by reference
to the following description taken in connection with the
accompanying drawings, and its scope will be pointed
out in the appended claims.

In the drawings, in which like parts are designated by
like reference numerals,

Fig...1 is a perspective view of a resistor constructed
in accordance with one embodiment of the invention;

Fig. 2 is a similar perspective view of the same resistor
taken from a different angle;

. Fig.'3 is an exploded perspective view of the same re-
sistor;
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Fig. 4 is a perspective view of the same resistor showing
the various elements thereof partially assembled;

Fig. 5 is an enlarged cross-sectional view taken along
the line 5—5 of Fig. 1;

Fig. 6 is a cross-sectional view taken along the line
6—6 of Fig. 5;

Fig. 7 is a perspective view .of a partially assembled
resistor construction similar to that shown in Figs. 1
through 6 but having a center tap;

Fig. 8 is a perspective view of a resistor constructed
in accordance with another embodiment of the invention;

Fig. 9 is a perspective view of the same resistor illus-
trated in Fig. 8 but taken from a different angle;

Fig. 10 is an exploded perspective view of the resistor
illustrated in Figs. 8 and 9;

Fig. 11 is an enlarged cross-sectional view of the same
resistor taken along the line 11-—11 of Fig. §;

Fig. 12 is a cross-sectional view of the same resistor
taken along the line 12—12 of Fig. 11;

Fig. 13 is an exploded perspective view of a resistor
comstruction similar to that disclosed in Figs. 8 through
12 but having a center tap.

Fig. 14 is a perspective view of a resistor constructed
in accordance with another embodiment of the invention;

Fig. 15 is an exploded view of the resistor illustrated
in Fig. 14;

Fig. 16 is a front elevational view of portions of the
resistor illustrated in Figs. 14 and 15;

Fig. 17 is an exploded perspective view of a resistor
construction similar to that illustrated in Figs, 14—-16 but
having a center tap;

Fig. 18 is a perspective view of a resistor constructed
in accordance with another embodiment of the invention;

Fig. 19 is an exploded view of the resistor illustrated
in Fig. 18; and

Fig. 20 is a cross-sectional view taken along the line
20—20 of Fig. 18.

The resistors shown in the drawings are so-called fixed
resistors, that is resistors which are not variable at will.
However, the resistance value of a completed resistor
constructed in accordance with some of the illustrated
embodiments of the invention may readily be perma-
nently increased, as for example in the event that the
completed resistor is found to have a resistance value
somewhat lower than is desired.

The resistor shown in the Figs. 1 to 6 includes a box-
like body member 11 of insulating material, a pair of leads
12, and a block or sheet of resistance material 13. The
body member 11 is preferably a rectangular paral-
lelepiped in form and is boxlike or hollow, with at least
one side 14 thereof at least partially open to receive the
two leads 12 and the block of resistance material 13. In
this particular embodiment of the invention the body
member 11 also has a pair of openings 15 which open
into the box adjacent the ends thereof and opposite the
open side 14. The openings 15 are of such size as to re-
ceive the respective resistor leads 12, and when the leads
extend through these openings they lie along the ends
of the cavity within the body member as is best illustrated
in Fig. 4. ‘

With the leads 12 in place, there remains just suffi-
cient space in the body member 11 to receive the resist-
ance block 13 snugly. If desired the resistance block
may be inserted into the body member at the same time
as the leads.

It will be noted best in Figs. 3 and 6 that the leads
12 are, in the illustrated embodiment, swaged or other-
wise distorted near the ends which ultimately engage the
ends of the resistance block 13. The distortion pro-
duces a flattened spot 16 having a substantially increased
diameter in one direction. The flat spot 16 may be used
to advantage in the assembly of the various components
of the resistor since the increased diameter thereof may
be relied upon to determine the respective assembled posi-
tions of the leads 12 and the body member 11. The holes
15 may, for example, be made of such size as to freely
receive the leads but to prevent the passage therethrough
of the flattened spots 16. Accordingly, if the body mem-
ber 11 is held in a position wherein the openings 15 are
at the bottom, the leads may be dropped into the holes
15 and will come to rest in a position wherein the flat-
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tened spots 16 engage the bottom wall of the body mem-
ber.. The flat spots. also serve. to. anchor the. leads. firmly
in position upon completion of the resistor as will sub-
sequently become apparent.

The body member. 11 is preferably constructed of a
naturally occurring, or synthetic plastic which. is. either
thermosetting or thermoplastic in character. The resisi-
ance element 13, also, is preferably a thermoplastic or
thermosetting plastic made conducting by inclusion.there-
in of particles of conducting material such as: carbon.

With the various elements of the resistor so constructed,
and. arranged as illustrated in: Fig. 1, the assembly may
be formed into an integral body by the application. of
heat. and pressure, the elevated temperature causing the
body member 11 and the resistance element 13.to become
plastic with. the result that. the applied pressure causes
these elements to flow and form a subsiantially solid
body, with the leads 12 firmly embedded. therein. It
will be apparent that the material forming the body
member 11 and the material forming the resistance block
13 will fiow around the leads 12 during the molding oper-
ation with the result that the irregularities in the contour
of the leads at the flat spots 16 will cause the leads to
be. securely: bound . within. the body of the resistor.

It has:been: suggested .above that the body member 11 °

and the resistance element be.formed of a plastic. It is
within the scope of the invention, however, that these
parts be of any material which permits the retention of-a
predetermined: shape or form during.assembly and which
lends itself to subsequent integration of the assembly into
a:unit. The retention of shape by the. body member 11
during assembly is particularly advantageous as: this. per-
mits: convenient: assembly of the various resistor parts,
the body member retaining the resistor element and the
leads in the desired relationship.

In. accordance. with' the embodiment of the invention
illustrated in:Figs. 1-6; and as will be noted by reference
to- Fig. 1, one edge’ of the. resistance block 13 remains
exposed, after the assembly and integration operations.
Accordingly; it is possible to- remove a portion of the
material comprising the resistance element, as by. scrap-
ing: the exposed. surface with.a knife, whereby the.resist-
ance value of the resistor may be increased by any rea-
sonable amount as may be desired. However, the re-
sistance element is- exposed only- at. the center of the
corresponding surface. of the completed resistor, that is,
the resistance element does not extend to any-of the four
edges of that surface of the. completed resistor. Ac-
cordingly, the small exposed. surface: is. quite. well. pro-

tected against accidental contact with another conducting ¢

element. The result, then, is a:resistor which is almost
entirely ‘insulated but- which may, nevertheless, be readily
altered -as. to its resistance value, even after: completion.

In this' connection, it. will be. noted that the exposed
edge of the resistance block 13- extends parallel to the
direction. of current flow through the resistance block.
Accordingly, the removal:of any of the material from the
exposed edge of the resistance element reduces the cress
section -of the element through which current may. pass,
and .increases-the resistance value proportionately.

In the resistor disclosed in Figs. 1-6, the ieads 12 ex-
tend substantially-across the entire width of the resistance
element 13 thereby conducting current to substantially ail
points along each end of the resistance element.. This
eliminates - local. hot spots and  thereby increases the
permissable power rating of the resistor since it effects
substantially. uniform current distribution throughout the
entire length of the resistance element. Uniform current
distribution is desirable for the further reason that the
resistance value is more readily predetermined.

If desired, it is possible te insulate the surface of the
resistor at which the edge of the resistance element is
exposed. For example, after the resistor has been com-
pleted and its resistance value checked, and, if neces-
sary, increased in the manner previously described, the
edge of the resistor assembly having the exposed edge of
the resistance bleck may be dipped into an insulating
varnish  or otherwise covered with any suitable insulative
coating.. Furthermore, where it is not essential that one
edge surface of the resistance element be exposed, the
body 11 may be made sufficiently deep that the edges
defining. the opening 14 may flow over and insulate the
otherwise exposed. edge of the resistance: element during
the molding operation.

The: invention lends -itself readily to.the. incorporation
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of a center tap, as is illustrated in Fig. 7. In that figure
it. will. be. noted. that the. resistance. element. is in. two
parts, 13¢ and 13b. The body member i1’ has three
openings, all similar to the-openings 15 in Figs. 1 through
6, for receiving ihree leads 12’, the middle one of the
leads constituting a center tap. '

The resistor elements illustrated in Fig., 7 are as-
sembled in substantially the same manner as those em-
ployed in tlie construction of the resistor illustrated in
Figs. 1 through 6. After the resistor construction has
been assembled, the body member, the resistor elements,
and the leads are bonded by the application of heat and
pressure. to form an integral structure. The resultant
resistor is substantially identical with that shown in Figs.
1 through 6 except that.a-center tap-is provided for pur-
poses well recognized in the art.

The embodiment of the invention disclosed in Figs. 8
through 12 is somewhat more complex than the embodi-
ment so far described but has-certain advantages. ithere-
over which will subsequently become apparent. in this
embodiment of the invention there is provided a body
member 21, a pair of leads 22 and a resistance element
23. The body member and the resistance efement are
preferably thermosetiing or thermoplastic in_character,
or otherwise having the characieristics described above
in connection with the embodiment of the invention illus-
trated in Figs. i—-6. The body membei 21 is preferably
a parallelepiped in form and is bexlike or hollow and has
a large opening 24 through which the leads 22 and the
resistance - element 23 may bé inserted. At the side of
the body member opposite the opening.24;- there are
provided a plurality of openings 25 through- which the
leads 22 may extend.-

The ends of the leads 22 which are to engage the
ends of the resistance elements 23 are previously bent'into
a U-shaped formation of substantial depih and the corners
of the resistance element are cut away to form notches
23a for receiving the leads 22. It will be noted by
reference to Fig. 10. that at- each end of. the resistor
element, a portion of the main body of a lead 22 may
lie in one notch 23a while the- opposed portion of the
U-shaped formation may lie in the other of the two
notches at that end.

In the assembly of the various parts of the resistor
the resistance element 23 may be dropped through the
opening 24 and into thie boxlike body member 21 after
which the free ends of the leads 22 may be inserted ihrough
the notches 23a and through the- openings 25 until the
U-shaped formations at the other end of the leads are
arranged in opposed noiches at the respective ends of
the resistance element.. The various elements of the re-
sistor will then be in the position shown.in Fig: 8.
The various elements. of the resistor may then be firmly
bonded together into a single body. )

In the embodiment of the invention disclosed in Figs.
8 through 12 each lead 22 contacts one end of the re-
sistance. element 23 along two lines, both of which ex-
tend  across: the entire depth of the resistance element.
Excellent current distribution is: thereby obtained  even
in those portions of the resistance element.immediately
adjacent the leads. This arrangement. is particularly. de-
sirable where the resistance element is of substantial width.
The U-shaped formation of the leads"22-at.the. resistor
engaging ends' thereof is also advantageous: in: that- it
provides a very strong mechanical bond between the leads
and-the plastic portions of the resistor. It will be: ap-
parent that it would be practically. impossible to. tear: one
of the leads 22 from the body of the: resistor: without
first destroying the resistor.

In the interest of ease of assembly. a&:pair of openings
25 previously described’are provided at each end’ of the
body element 21. With this arrangemient”the: leads: 22
may be inserted in’ either of the two:notches 234 at'the
ends of the resistor during assembly; the holes 25 being
aligned of course with respective notches 23a.

As in the case of the resistor illusttated in' Figs. 1
through 6, the resistor just described is preferably so pro-
portioned that one face of the resistarce’ elément 23 re-
mains exposed after the molding process. Any desired
amount of the resistance element may then be removed, as
by scraping with a knife, in order to increase the resistance
value if so desired. At the same time-the entire body of
the resistor is substantially insulated, particularly since
the exposed surface of the resistance element is cen-
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trally located, that is, it ‘does not extend to the edges
of the corresponding surface of the completed resistor.

This second embodiment ¢f the invention is also well
adapted to the installation of a center tap as is illustrated
in Fig. 13.  In that figure it will be noted that an addi-
tional pair of notches 23a are provided near the center
of the resistance element 23. These notches are adapted
to receive a third lead 22’ which serves as a center tap.
An additional pair of openings, similar to the openings 25
seen in Fig. 9 are provided at the center of the body mem-
ber 2(11’ through either of which the middle lead 22’ may
extend.

Another embodiment of the invention is disclosed in
Figs. 14, 15 and 16. In this embodiment there is pro-
vided a body member 31, a pair of leads 32 and a re-
sistance element 33. The body member 31 may be iden-
tical to the member 21 of Figs. 8-12 except that no open-
ings for the leads are necessary in the wall thereof oppo-
site the opening 34.

The leads 32 may be of various forms but preferably
are like those disclosed in Figs. 8—12. In this embodi-
ment, the leads are inserted into the body member 31
in such a way as to extend outwardly thereof through
the principal opening 34. Where leads are employed
having U-shaped ends the resistance element may be sim-
ilar to that disclosed in Figs. 8-12 but is illustrated here
as being cylindrical in form and of such diameter as to
fit snugly within the U-shaped portions of the leads.

Preferably, and especially where a resistance element
of uniform cross section is employed, the opening in the
body member is enlarged at the two ends to receive the
leads. In effect a groove is provided along three sides
of the body member for receiving the U-shaped end of
each lead, the grooves and the leads being so proportioned
that after the leads have been inserted in the grooves
there is provided a channel of substantially uniform cross
section for receiving the resistance element. This ar-
rangement, in addition to providing a better fit for the
resistance element tends to .support the leads in their
proper positions such that the various portions of the
resistor may readily be assembled and maintained in
proper relative position prior to the molding operation.

The various resistor parts are preferably constructed
of materials similar to those recommended in the de-
scription of the preceding embodiments such that the
assembly may be molded into a single integral body by
the application of heat and/or pressure.

As in the case of the previously described embodiments
of the invention, the resistor construction iflustrated in
Figs.: 1416 lends itself readily to the inclusion of a center
tap. In Fig. 17 there is illustrated an assembly incorporat-
ing such a center tap, the body member 31’ preferably
having a third groove therein for receiving the center
tap lead 32",

Still another embodiment of the invention is illustrated
in Figs. 18, 19 and 20 in which an open ended body
member 41 is provided which is preferably cylindrical
in form. In the latter case a resistance element 43 is
provided which is also cylindrical in form and so pro-
portioned as to be insertable into the cylindrical open-
ing in the body member 41. Two leads 42 are provided,
each of which terminates in a coil 424, the coils receiving
the respective ends of the resistance element 42 snugly.

In. assembling this resistor the two leads may first be
forced over the ends of the resistance element 43 and
the entire subassembly then inserted into the body mem-
ber 41, or the resistance element may be inserted in the
body member separately or with one lead connected there-
to after which the other lead or leads may be forced into
place over the ends of the resistance element within the
body member. Preferably the ends of the resistance ele-
ment and the coiled ends of the leads lie well within the
body member 41 in order that the ends of the body mem-
ber may be molded over and thereby insulate these parts.
As in the case of the previously described embodiments,
the body member and the resistance element are pref-
erably formed primarily of a plastic which is either ther-
mosetting or thermoplastic in character.

1t will now be apparent that the particular embodiments
of the invention disclosed in the drawings are very simple
and durable resistors which are economical to manufac-
ture, well insulated, and yet, in most instances at least,
readily alterable to increase the resistance value if de-
sired. Furthermore, very simple and practical means of
distributing the current over the entire width of the re-

10

20

25

30

35

40

45

60

65

70

80

85

6

sistance block are employed, along with means, namely
the flattened lead portions 16, the U-shaped lead ends, or
the coiled lead ends, for facilitating manufacture and for
assuring a firm mechanical bond between the resistor
leads and the body of the resistor.

It has been suggested above that the resistance elements
13, 23, 33 and 43 be of a solid form at the time of assem-
bly and that they be thermosetting or thermoplastic in
character. It is within the scope of the invention that
these resistance elements be fixed in size and shape at
the time of assembly with only the corresponding body
member being moldable. - It is preferred, however, that
the resistance element also be moldable in order to obtain
a better electrical connection between the leads and the
resistance element.

It is also within the scope of the invention that the
various illustrated resistance elements be inserted into
the respective body members in a fluid or semifluid con-
dition. In such case the resistance elements might for
example be of a plastic which is thermosetting or thermo-
plastic in character and be poured or packed into the
corresponding body member at such an elevated tempera-
ture that it is in a fluid or semifluid condition.

Accordingly, while particular embodiments of the in-
vention have been shown, it will be understood, of course,
that the invention is not limited thereto since many modi-
fications may be made, and it is, therefore, contemplated
to cover by the appended claims any such modifications
as fall within the true spirit and scope of the invention.

. The invention having thus been described, what is
claimed and desired to be secured by Letters Patent is:

1. An electric resistor comprising a boxlike member of
insulating material, said member being a rectangular
parallelepiped in form and open at one surface thereof,
a resistance element in the form of a substantially solid
block of resistance material secured therein, said element
being of rectangular parallelepiped form and exposed at
said one surface of said member, and three leads, one end
of each of said leads extending through the wall of said
boxlike member opposite said one surface and being
secured within said member in electrical contact with
said element along parallel spaced lines extending sub-
stantially across one dimension of said element, said one
dimension being perpendicular to said exposed surface
of said element.

2. An electric resistor comprising a boxlike member of
insulating material, said member being a rectangular
parallelepiped in form and open at one surface thereof,
a resistance element in the form of a substantially solid
block of resistance material secured therein, said element
being exposed at said one surface of said member, and
three leads, one end of each of which extends through
said open surface of said member and being secured
within said member in electrical contact with said element
at spaced points.

3. The method of producing an electric resistor which
comprises forming a U-shaped bend at one end of each
of a pair of leads, forming four substantially parallel slots
in a resistance element substantially a rectangular paral-
lelepiped in form, arranging said resistance element and
the U-shaped ends of said leads within a rectangular paral-
lelepiped boxlike member of plastic insulating material
having one side thereof open, with said leads extending
outwardly of said bodv member and with opposed legs
of said U-shaped lead ends lying in said slots in said
resistance element, and subjecting the assembly to heat
and pressure thereby converting the assembly into a
bonded unitary structure with said leads electrically con-
tacting said resistance element.

4, The method of producing an electric resistor which
comprises forming a U-shaped bend at one end of each
of a pair of leads, forming recesses at each of four parallel
extending edges of a thermosetting resistance element sub-
stantially a rectangular parallelepiped in form, arranging
said resistance element and the U-shaped ends of said
leads within a rectangular parallelepiped boxlike mem-
ber of thermosetting plastic insulating material having one
side thereof open, with said leads extending outwardly
of said body member and with opposed legs of said U-
shaped lead ends lying in said recesses in said resistance
element, and subiecting the assembly to heat and pressure
thereby thermallyv setting the plastic materials and con-
verting the assemblv into a bonded unitary structure with
said leads electrically contacting said resistance element.

5. The method of producing an electric resistor which
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comprises -arranging .a plastic resistance element in .the
form of -a substantially .solid -block -of resistance material
and the ends of three resistor leads within .a boxlike mem-
‘ber .of plastic insulating -material having -one side thereof
open, with said leads extending outwardly of said body
smmember in spaced relationship and with said resistance
-elerpent contacting said leads, and subjecting the assembly
10 heat and pressure thereby .converting the assembly into
a unitary -structure with said leads electrically contacting
said resistance element.

6. The method .of producing an electric resistor which
comprises forming a ‘U-shaped bend at one end of each
of :three leads, forming six substantially parallel slots in a
plastic resistance element substantially a rectangular paral-
lelepiped in form, arranging said resistance element and
the {U-shaped ends of said leads within a rectangular paral-
lelepiped ‘boxiike member of plastic insulating material
having one side thereof open, with said leads extending
outwardly of said body member and with opposed legs
of said U-shaped lead ends lying in said siots in said
resistance .element, and subjecting the assembly to heat
and pressure thereby converting the assembly .into a
bonded unitary structure with said leads electrically con-
tacting said resistance element.
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7. The method .of producing :an -electric resistor which
comprises arranging a resistance element.and one .end of
cach.of a pair of resistor leads in:a rectangular.parallele-
piped boxlike member .of insulating material having.one
side thereof open.and having a pair-of spaced openings
in the side.of said member opposite said open side thereof,
with -said leads extending respectively through said pair
of openings and with said resistance element contacting
said lead ends, and bonding the assembly :into .a unitary
structure.
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